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A b s tra c t:
The synthesis o f three cyclodextrin dimers from the novel building block 3-amino-3-deoxyheptakis (6- In the last 15 years a number of cyclodextrin dimers have been prepared to investigate the effect of two covalently linked host molecules on the binding of guest molecules. These dimers can be roughly divided into two groups: cyclodextrins (CD's) that are connected by linking spacers at the primary side1-7 and cyclodextrins that are connected through spacers at the secondary side.3* 7'8 It has been shown that the binding constants of CD-dimerscan be very large (K^> 1010 M '^) if the substrate is chosen properly. 6 We are interested in the synthesis of CD-dimers for catalytic purposes by using the spacer to immobilise a catalytically active metal centre and the two cavities for complexation and co-complexation of substrates. To achieve this goal it is important to develop routes that yield substantial amounts of well characterised host molecules which can be modulated without much changes in the synthetic concept. It occurred to us that 3-amino-3-deoxy-heptakis(6-0-fm-butyldimethylsilyl)-(3-cylodextrin 5 would be a versatile building block to construct CD-dimers. The analogous compound 3-amino-3-deoxy-(3-cylodextrin has been previously reported10 but the disadvantage of this cyclodextrin is that further functionalisation has to occur quantitatively since separation and purification of the product is difficult and scale limiting. In this paper we describe the synthesis of compound 5 which has been used to obtain three novel CD-dimers in good yields. The binding properties of two of the dimers are evaluated. p-Cyclodextrin 1 was silylated as previously described9 to give compound 2 in 82% yield.12
Purification was achieved using column chromatography.^ Deprotonation of compound 2 (which was first dried at 100 °C and 0.05 mm Hg for 5 hr) with NaH in refluxing THF, followed by reaction with tosyl chloride gave a mixture of the starting material and the mono-and di-tosylated products, which could be separated by column chromatography. This method yielded monotosylate 3 in 34% which is slightly better than a previously published procedure.9 Compound 3 was converted into the mono-epoxide 4 with sodiumethoxide in refluxing dry ethanol. This epoxide was opened by nucleophilic attack from ammonia on carbon C-3 using an anhydrous saturated solution of this reagent in ethanol and a pressure reactor (70 °C, 2 days, P=±2atm.), yielding 83% of the mono-amino-cyclodextrin 5 after column chromatography. Compound 5 could also be obtained by treating epoxide 4 with U N 3 in refluxing dry ethanol, followed by reduction of the azide group with Pd/(H2, 3 atm.)/C (yield 48% starting from 3). However, the first described method provides a shorter route with higher yield and less purification steps. Compound 5 was desilylated with tetrabutylammonium fluoride (TBAF) in refluxing THF yielding 3-amino-3-deoxy-P-cyclodextrin which had nearly identical physical and spectroscopic data14 as the compound reported in the literature.
The cyclodextrin dimers were obtained by reaction of compound 5 with the 4-nitrophenyl esters (or the Nhydroxysuccinimide esters in the case of 6c) of the appropriate dicarboxylic acids, in refluxing THF.
Purification by column chromatography yielded 6a and 6b in 76% and 6c in 47%. Desilylation of the products was achieved with TBAF in refluxing THF (reaction time 8 hr). After evaporation of the solvent the compounds were dissolved in a small amount of water and precipitated by addition of ethanol. Repeating this procedure twice gave 7a, b and c in good yields (95, 88 and 67%). The dimers gave 1H-t 13C-NMR spectra, and elemental analysis as expected.15 
